LX 

@gen#meA 

Journals.ASM.org 

Genome Sequences of Porcine Epidemic Diarrhea Virus: In Vivo and 
In Vitro Phenotypes 
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Since the outbreak of porcine epidemic diarrhea virus (PEDV) in May 2013, U.S. swine producers have lost almost five million 
baby pigs. In an attempt to understand the evolution of PEDV in the United States and possibly develop a control strategy, we 
compared the genome sequences of a PEDV strain isolated from an infected piglet against its in vitro adapted version. The origi- 
nal PEDV strain was grown in Vero cells and passed 10 times serially in a MARC145 cell line. The sequence analysis of the native 
PEDV strain and in vitro passaged virus shows that the cell culture adaptation specifically modifies PEDV spike protein whereas 
the open reading frame la/b (ORFla/b)-encoded polyprotein, the nucleoprotein, NS3B (ORF3), and membrane and envelope 
proteins remain unchanged. 
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Porcine epidemic diarrhea virus (PEDV) causes a severe and 
highly contagious swine disease. While older pigs have a 
chance of survival, 80 to 100 percent of PEDV-infected piglets die 
within 24 h of being infected. PEDV spreads primarily through 
fecal-oral contact (1, 2). Once the virus is internalized, it destroys 
the lining of piglets' intestines, making them incapable of digest- 
ing and deriving nutrition from milk and feed (1). The virus 
causes diarrhea, vomiting, and death from dehydration and star- 
vation (2). 

PEDV is a member of the Coronavirinae subfamily and belongs 
to the Alphacoronavirus genus. Its genomic size ranges from ap- 
proximately 26 to 32 kb, which is relatively large for an RNA virus. 
Although vaccines for PEDV exist in China, Japan, and South 
Korea, there is no approved vaccine in the United States or Europe 
(3). Furthermore, PEDV is still evolving within the U.S. swine 
population. 

This report briefly describes the comparison of genome se- 
quences of a PEDV strain isolated from small intestine samples of 
an infected piglet and its in vitro adapted version. The original 
PEDV strain was dubbed NPL-PEDV/2013, grown in Vero cells, 
and passed 10 times in a MARC145 cell line. The serial in vitro 
passage strain was named NPL-PEDV/2013/P10. The total viral 
RNA was extracted by TRIzol LS reagent and sequenced by Sanger 
dideoxy sequencing using a primer walking technique. The raw 
sequences were imported into the Geneious assembler (Biomat- 
ters, CA), assembled, annotated, and compared against each other 
using USA/Colorado/20 13 (GenBank accession no. KF272920) as 
a reference sequence. 

The whole-genome sequences of NPL-PEDV/2013 and NPL- 
PEDV/2013/P10 contain 28,038 and 28,025 nucleotides (nt), re- 
spectively, including the 5' and 3' untranslated regions (UTR). 
The NPL-PEDV/2013 genome shares 99% identity with all the 
U.S. isolates sequenced to date and many Chinese isolates as well. 
The top three BLAST hits were against U.S. isolates, USA/Colora- 



do/2013 (GenBank accession no. KF272920), IA1 (GenBank ac- 
cession no. KF468753.1), and an isolate from Iowa, 13-019349 
(GenBank accession no. KF267450.1). The NPL-PEDV/2013 iso- 
late also shares 99% identity with the Chinese outbreak isolate 
AH2012 (GenBank accession no. KC210145). 

When the NPL-PEDV/2013/P10 strain was compared against 
NPL-PEDV/2013 , the open reading frame la/b (ORFla/b) poly- 
protein, the nucleoprotein, NS3B, and membrane and envelope 
proteins were found to be 100% identical at the amino acid level. 
In contrast, the spike gene contains six nonsynonymous single 
nucleotide polymorphisms, resulting in amino acid (aa) substitu- 
tions in the following positions: 375 (F^>L), 486 (T->P), 856 
(D->E), 1081 (A->V), 1099 (A->S), and 1253 (Y->D). The SI 
domain of spike protein contains 2 aa substitutions, whereas the 
S2 domain contains 4 aa substitutions. PEDV has been shown to 
use porcine aminopeptidase N (pAPN) as the major receptor for 
cell entry (4, 5). However, Vero and MARC145 cells lack pAPN, 
clearly indicating that other receptors or receptor-independent 
pathways may be used for entry (6). The spike protein in its 
trimeric conformation interacts with the cell receptor and con- 
tains numerous neutralizing antibody binding epitopes (7). 
Analysis of the spike by PeptideCutter (http://web.expasy.org/ 
peptide_cutter/) shows that the native spike protein of NPL- 
PEDV/2013 has 63 trypsin and 2 chymotrypsin cleavage sites at 
100% efficiency whereas NPL-PEDV/2013/P10 has lost one tryp- 
sin cleavage site but the number of chymotrypsin sites remain 
unchanged. This indicates that cell culture adaptation specifically 
modifies the PEDV spike protein; however, the immunological 
implications are unknown. 

Nucleotide sequence accession numbers. The whole-genome 
sequences of the NPL-PEDV/2013 and NPL-PEDV/2013/P10 
strains have been deposited at DDBJ/EMBL/GenBank under ac- 
cession no. KJ778615 and KJ778616. 
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